Introduction chickpea (Cicer arietinum l.) is an important grain legume as a good carbohydrate and protein source for human consumption and as animal feed, in addition to conditioning symbiotic fixation of atmospheric N 2 . chickpea is a self-pollinated crop with less than 1 % outcrossing. Kabuli and Desi are two main types of chickpea cultivated globally. Kabuli types have large and generally owl-shaped seeds with cream-color, and white flowers, while Desi types are characterized with small, (dark) colored seeds with angular shapes and rough surfaces, and with pigmented flowers. Kabuli types are mainly grown in the Mediterranean region including Southern europe, Western Asia and northern Africa, whereas Desi types are grown in east Africa and india (16, 20, 21) . only Kabuli type varieties are cultivated in Turkey almost everywhere, except at the coastal areas of the Black Sea and Marmara regions.
the narrow genetic base of cultivated chickpea has been suggested as the main reason for the slow progress in developing varieties with improved yield potentials. Various biotic and abiotic stress factors have also been shown to hamper chickpea production. evaluations of Cicer accessions for resistance/tolerance to biotic and abiotic stresses reveal the presence of useful genetic potentials (6, 21) , which may be used to evade such constrains. As a part of and prerequisite for such studies, genetic diversity and relationship assessments have been carried out in large collections of Cicer accessions, using a number of methods ranging from crossability to karyotype analysis, seed storage protein electrophoresis, DnA markers and DnA sequencing (21) . in diversity assessments, one commonly used DnA marker type is the simple sequence repeats (SSRs), short tandem sequence motifs of 1-6 bp, which are ubiquitously distributed throughout the eukaryotic genomes with co-dominant inheritance (15) . SSRs have been used in Cicer in fingerprinting wild and cultivated species accessions, in developments of genetic maps and gene tagging (3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 17, 18, 19, 23, 24, 27) .
Residing on the intersection of three phytogeographic regions, Turkey has significant potentials in terms of crop genetic resources for wheat, barley and chickpea. Approximately, a quarter of the known wild Cicer species show distribution in turkey (25) . Southeastern Anatolia was proposed to be the place of chickpea domestication, the center of origin and one of the centers of diversity (16) . the aim of the present study was to provide a survey of genetic diversity, and assessment of how much of the variation in the registered turkish chickpea varieties.
Materials and Methods

Plant material and SSR markers
Plant material used in this study included 21 registered Kabuli type cultivars and one Desi line ( Table 1) . From each variety, five seeds were sampled, germinated and grown to seedlings, and leaf samples were collected individually to extract DNA, using the procedure described in Sudupak et al. (22) . eleven locus specific primer pairs, previously shown to amplify SSR loci (GA6, GA16, GA26, GA117, tA78, tA106, tA180, tA203, tA135, tR60, tA13), were selected from Winter et al. (27) and used in the analysis. (nh 4 ) 2 So 4 , 0.1 % (v/v) tween 20, 1.5 mmol/l Mgcl 2 , 100 mmol/l of dNTP mixture, 25 ng of each forward and reverse primer, 0.25 units of Taq DnA polymerase (Fermentas, MSi) and ~20 ng genomic DNA. Amplifications were performed in a thermocycler with a heated lid (eppendorf Mastercycler Gradient, hamburg, Germany) programmed to an initial denaturation of 94 ºc for 2 min, followed by 10 cycles of a touch-down period (used only in amplification of GA repeats), in which, following initial denaturation at 94 c for 20 s annealing temperature was lowered with 1 ºc in each cycle, starting from 65 ºc (for 50 s) and each followed by an extension step of 50 s at 72 ºC. Amplification continued for 25 cycles more with temperature/time profiles of 94 ºC for 30 s. at denaturation, 55 ºc for 50 s. at annealing and 72 ºc for 50 s. at extension steps. A final extension step of 5 min at 72 ºC was included to fill in the fragment ends. Amplifications of TAA and ttA repeat-containing loci were carried out without the touch-down period, using an annealing temperature of 55 ºc for 50 s and an extension step of 60 ºC for 50 s. PCR products were mixed at a ratio of 2:1 with formamide containing loading dye and denatured at 94 ºc for 3 min along with 0.4 µg of Psti digested l-DNA as size standard. 5 μL of this mixture was loaded onto 6 % denaturing PAGe containing 7 urea and electrophoresed until the xylene cyanol dye had run off the gel, depending on the expected product sizes. Band profiles were visualized via silver staining (1), and dried gels were documented using a Kodak eDAS290le gel documentation system.
SSR-PCR
data analysis
Observed band profiles at the respective loci were considered as genotypic constitutions, and a letter coded data file was prepared from the manually scored genotypes for analysis with the PoPGene program (26) . From the allele frequencies, several population genetic parameters, including nei's (14) unbiased genetic similarity/distance estimates (within and among varieties) and polymorphic information content (Pic) (2), were computed. With these distance coefficients, cluster analysis was carried out to construct a UPGMA dendrogram.
Results and discussion
Survey of SSR polymorphisms in chickpea accession set (given in Table 1 ) with eleven primer pairs revealed nine microsatellite loci, at each of which alleles could be readily identified. The primer pairs for TR60 and TA13 loci produced a number of complex amplification zones at which reliable determination of individual genotypes could not be made. Thus, they were excluded from the analysis. Map positions of six markers, GA26, TA78, TA106, TA180, TA203 and tA135, are known in the proposed chickpea linkage groups: GA26 and tA106 are located in lG10 and lG4, respectively, whereas tA78 and tA180 are relatively closely linked in lG5. tA203 and tA135 are linked in lG1. total number of alleles varied from 15 to 33 in varieties and a total of 97 alleles were detected at nine loci. Some accessions were monomorphic at a few loci, but allelic variation within and among varieties were common ( Table 1) . the number of alleles per locus ranged from 2 to 18 with a mean of 10.7, and the number of alleles at individual loci in varieties varied between 1 and 5 ( Table 2) . Groupings of alleles according to their frequencies at SSR loci revealed 33 alleles with frequencies of less than 0.03, 58 alleles with frequencies between 0.03 and 0.2, and six alleles with frequencies higher than 0.2 ( Table 2) . Allelic variability in At-type repeats (67 alleles, 13.4 alleles per loci) was nearly twice of the value observed in GA-types (30 alleles, 7.5 alleles per loci), and the number of alleles in trinucleotide repeatcontaining loci was generally higher than that in dinucleotide repeat-containing loci. Only two heterozygotes were observed at the GA26 in two varieties (Menemen92 and TAEKSağel), and the rest of the samples were homozygous at the assayed loci ( Table 1) . the percent of polymorphic loci was 100 % among varieties, whereas the within-variety values ranged from 55.6 % to 88.9 %. Pic values computed for individual loci ranged from 0.165 to 0.887, with an average of 0.7. effective number of alleles (N e ) and F ST values are the other parameters computed to quantify variation at SSR loci; the values of N e varied between 1.2 and 8.8, while the F ST values ranged from 0.28 to 1 ( Table 2) .
the range and mean number of observed alleles per locus (10.7) was closer to the value [10.3] Table 2) . two microsatellite loci, tA135 and tA78, were also used by castro et al. (3) , the number of alleles detected at both loci in this study is higher than the reported values. fig. 1 . SSR-based UPGMA dendrogram of chickpea varieties.
From the allele frequencies, within-and among-variety genetic distances were computed according to nei (14) , and among varieties values varied between 0.156 and 2.981. two varieties, Küsmen99 and Işık05, had relatively higher distance values than the rest, including the Desi line (distance table is not given). Using Nei's genetic distance estimates, cluster analysis was carried out to construct a UPGMA dendrogram for varieties ( fig. 1) . it is apparent form the grouping that the observed SSR variation is sufficient to distinguish the individual chickpea varieties as separate units. Küsmen99 and Işık05 clustered together and formed an outgroup while the rest of the varieties along with the Desi line formed a nested group. Both Işık05 and Küsmen99 shared the same allele at the GA117 locus and differentiated from the rest, and this similarity was clearly reflected in the grouping. Several subgroupings could be identified within this cluster: Akçin91, TAEKsağel, Canıtez87, Aziziye94 and Sarı98 formed one group, whereas Hisar remained as a single branch, and Çağatay and Damla89 clustered together. As a subcluster to these, İzmir92, Yaşa05, Azkan together with Menemen92 constituted one group; Aksu, Gökçe and Uzunlu99 clustered together; while Gülümser, Cevdetbey99, Diyar95 along with İnci formed the last subcluster. Intermixed clustering of Desi and Kabuli types was also observed by other investigators (3, 11, 24) contrary to suggestions of both chickpea types represent different genetic backgrounds. Regarding the rest of the variety groupings, we have no available information about the pedigrees of these varieties and the breeding material used in their development.
Conclusions
the present study provides an estimate of SSR variation in modern turkish chickpea varieties, which was found to be relatively higher than the values reported in similar studies. this is presumably due to the fact that the breeding material used in their development was mostly derived from the local resources, landraces and closely related wild species. thus, the genetic variation observed in modern varieties appears to represent the expected higher genetic diversity potential of one of the centers of diversity to some degree.
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